Abstract: An efficient protocol was developed for the four component and one-pot synthesis of functionalized 1, 4-dihydropyridines by thiamine (VB1) as biocatalyst via the reaction of malononitrile, substituted aldehydes, dimethylacetylenedicarboxylate and substituted aniline in ethanol at room temperature. Availability and non-toxicity are from important advantages of this green catalyst. Also, easy work-up, no chromatographic purifications and high yields in short reaction time are othere benefites of this procedure.
Introduction
Synthesis of various heterocyclic molecules from the readily available starting materials is from the main challenges in organic synthesis. Multicomponent reactions (MCRs), are the reactions which three or more reactants are combined together in the same pot to generate a product that incorporates substantial portions of all the reactants [1] . MCRs have some advantages, including simplicity, very short reaction times, high atomic economy and high selectivity. They are also useful synthetic tools and can be used as catalysts in the preparation of pharmaceutical heterocyclic compounds [2] .
In medicinal chemistry, the synthesis of biologically active molecules is from important research fields. Heterocycles constitute the largest variety of organic molecules of chemical, biomedical and industrial significance [3] . Functionalized 1, 4-dihydropyridines are important compounds of biologically active heterocycles. Initially, these compounds were found to be calcium channel modulators, and were developed as cardiovascular and antihypertensive drugs, which include Feiodipine, Amlodipine and Nifedipine (Fig1) [2] . Also, they have different biological activities such as antioxidant, anticancer, and antitumor activity [1] . Regarding to importance of 1, 4 dihydropyridines the different methods have been developed to the synthesis of these compounds. 
Experimental

General
All the solvents, chemical and reagents were purchased from Merk and Aldrich. Melting points were measured on an Electrothermal 9100 apparatus.
General procedure for the synthesis of 1, 4-dihydropyridines 5a-e
A solution of 140 mg 4-chlorobenzaldehyde (1.0 mmol), 66 mg malononitrile (1.0 mmol), and thiamine (0.1 mmol) were stirred in 1 ml ethanol at room temperature. Then, a solution of 107 mg 4-methylaniline (1.0 mmol) and 142 mg dimethyl acetylenedicarboxylate (1.0 mmol) in 2 ml ethanol was added. The resulting mixture was stirred until the reaction completed and the end of reaction indicated by thin-layer chromatography (TLC). The resulting precipitates were collected by filtration and washed with ethanol. The crude product was purified via recrystallization by ethanol.
Results and discussion
To optimize the reaction conditions, we conducted the reaction of 4-chlorobenzaldehyde, ptolouidine, malononitrile, and dimethyl acetylenedicarboxylate at room temperature in various conditions. As shown in Table 1 , in the absence of catalyst, no product was formed. Some commercially available catalysts including Al2O3 and Et3N were also tested, in which the product was obtained in low yields. Thiamine was found to be the most effective catalyst for this transformation since it gave the highest yield of product. The efficiency of the catalyst was found to be affected the quantity of the used catalyst in the reaction. We realized that the use of 10 mmol% thiamine is the best concenteration to promote the reaction (Table 1, entry 5). Then, the effect of solvents was evaluated and the results summarized in Table 2 . The results showed that the efficiency and yield of the reaction in ethanol were higher than those obtained in other solvent such as H2O or under solvent-free conditions. To determine the efficiency of this multicomponent reaction, a series of different aldehydes were employed. As shown in Table 3 , this protocol can be applied to aromatic aldehydes either with electron-withdrawing groups or electron-donating groups. Furthermore, a series of different substituted aldehydes gave excellent yields. It has been observed that the benzaldehyde with electron-withdrawing groups led to products in shorter reaction time.
Unfortunately, when aliphatic aldehyde instead of aromatic aldehyde, after 24h, no reaction was observed. Aromatic amines with stronger electron-donor groups showed less reactivity, and more reaction time was required than electron-withdrawing substituents. As revealed in Table 3 , these reactants worked well and furnished the desired products in high yields. 
a Yield refers to isolated pure product.
To explain the mechanism of this multicomponent reaction, we proposed a plausible reaction 
Conclusions
In conclusion, we have developed a facile and efficient one-pot, fourcomponent protocol for the synthesis of highly substituted dihydropyridines at room temperature in high yields. This domino reaction proceeded smoothly in good to excellent yields and offered several advantages including short reaction time, simple experimental procedure, and no toxic by-product.
